Rapid urbanization has caused significant problems , and sustainable city design can play an important role in solving these problems under limited budgets and resources. Previous studies have proposed city evaluation indicator s that can suggest appropriate urban designs.
Introduction
Rapid urbanization has caused significant problems in terms of food security, resource availability, environmental pollution, employment, and living conditions (UNEP 2012) .
Sustainable city design has recently received significant academic and policy attention due to the increasing complexity of cities considering various aspects such as living, labor, transport, and the environment Yamashita 2015 , Managi 2016) . Rapid urban development needs extensive natural resources and major government budget allocations to maintain the regional environment, but government budgets and natural resource are limited.
Therefore, efficient spending and resource use are important factor s for achieving sustainable urban development.
To understand the effect of urban planning polic ies on sustainability, it is important to use a comprehensive target index that covers the various urban factors. An evaluation index helps policy makers to consider the urban context. Additionally, an urban policy that refers to only one dimension might worsen other factors. Many city evaluation indexes have been developed in previous studies; table 1 shows a list of proposed city evaluation indexes , focusing on the purpose, key evaluation dimensions, and the aggregate of the total score. <Table 1 about here>
The city evaluation indexes listed in table 1 mainly apply flow data related to economic, social, and environmental factors. Some indexes evaluate capital stock (e.g. , GCCI evaluates human capital, GPI evaluates infrastructure development). However, none of the se indexes explicitly looks at human, environmental, and produced capital stocks. Dasgupta et al. (2015) pointed out the problem with using flow data in evaluation frameworks: "GDP does not record the depreciation of capital assets even though GDP can increase despite the depletion of natural resources." Economic theory offers advantages when evaluating urban capital stock, as it considers the relationship between flow and capital data. Economic theory (e.g., Dasgupta et al. 2015) justifies the use of this inclusive capital measure to assess sustainable development.
Once there is a positive increase in stock value , which is its shadow price multiplied by each stock measure, it can assist in identifying what subjects the policy needs to support each problem. However, the existing city evaluation indexes shown in table 1 are limited in their use of economic theory to measure sustainability. One potential cause of this is the limited availability of capital stock data from national statistical databases.
This study proposes a tool for evaluating inclusive urban capital stock using the inclusive wealth index (IWI) and based on economic theory. The IWI is theoretically developed by Dasgupta et al. (2015) and empirically elaborated by UNU -IHDP and UNEP (2012, 2014 ) (see Managi (2015 Managi ( , 2016 for a review). We define inclusive urban capit al as capital stock as estimated by the IWI to be used for urban planning to achieve sustainable urban design. We define sustainability of societal development along which (intergenerational) well-being does not decline (UNU-IHDP and UNEP 2014). 1 Our main objective is to propose an IWI application for urban planning. To explain the proposed application, we introduce an empirical analysis using data for 20 Japanese cities. Dasgupta et al. (2015) noted that governments need a measurement tool that comprehensively records wealth, including reproducible capital, human capital, and natural capital, to measure sustainable progress. The advantage of the IWI is that it considers natural capital, human 1 As UNU -IHDP and UNEP (20 14) point out, "Wea lth account ing a lso int erna li zes sustainabilit y b y t racking th e changes in the va lu e of a nation 's capita l as s et st ocks". Thus, c onsid eri ng the change in th e IWI wou ld be a us efu l tool for eva luati ng a change in sustainabi lit y. capital, and produced capital, which are considered to be the key factors in conventional city evaluation approaches (see UNU-IHDP and UNEP 2014, Managi 2015) . 2
The Inclusive wealth index (IWI) for urban planning

2-1. The evaluation of inclusive urban capital stock
(1) What is an effective way to increase inclusive urban capital? and (2) what drives changes in inclusive urban capital stock? Three factors characterize capital stock. The first is the volume of capital stock, which indicates whether the capacity or wealth of cities is maintained over time. The second is the balance of capital stock, which reflects the urban planning vision and urban characteristics. Th ese are important pieces of information for selecting the reference city for urban policy. The third is the efficiency of capital stock use, which shows the capital productivity of cities.
2-2. Comparing capital stock between cities
To evaluate the first and second factors , the results of the IWI estimation score can be directly applied. The volume factor can be evaluated using the capital stock per person, and the balance of capital stock can be evaluated using a share of each capital stock. These two approaches for country data were introduced as the inclusive wealth of nations in section 3 of Chapter 1 in UNU-IHDP and UNEP (2014).
2 Th e IWI a ls o offers advanta ges b y eva luating ec os ys t em s ervic es usin g ec onomic theory. T he IWI eva luati on fram ework introduc es the shad ow pric e approach t o evaluat e ec os yst em s ervic es. Th e shadow p ri ce reflects th e ma rginal va lu e contribution t o int ergen erati on al well -b ein g for a unit change in the resp ecti ve capita l a ss et (UNU -IHDP and UNEP 2014) . Th erefore, an ec os yst em eva lu ation approach using shad ow prices captu res human b ehavi or and p referenc es in mon eta ry terms, a llowin g ea s y c ompa rison with oth er m on etary data . Costanza et a l. ( 1997) point ed out that th e tota l va lue of ec os yst em s ervic es can be deri ved from shadow p ric es for a ll of th e flows bet ween p roc ess es as well as for the net outputs of th e s yst em. Th erefore, we can understand natura l capita l stock, includin g ec os yst em s erv ic es, in mon eta ry t erms b y multip lying th e shadow pric e of exhaustible resou rc es and that of envi ronm enta l polluti on b y th e volum e of th e res ourc e stock and emi ssi ons.
However, each dimension of inclusive urban capital stock assumes a different role in sustainable urban development , and the relative advantage of urban characteristics differs across cities. Meanwhile, a direct comparison of volume factors may not sufficiently clarify the relative superiority of urban capital . Thus, we propose the relative superiority evaluation approach using the concept of inclusive urban capital stock.
To evaluate the relative superiority of urban capital stock, we adopt an empirical evaluation approach to city performance that uses the DEA method and the three inclusive capital stock per capita factors estimated by the IWI as output. This relative evaluation framework for multiple dimension factors is developed by Despotis (2005) . The DEA approach was developed by Charnes et al. (1978) and has the advantage of using data from multiple inputs and outputs for the evaluation (Cook et al. 2014) .
We set the three inclusive urban capital stock per capita factors as output. Under this setting, the integrated evaluation score for the accumulation of inclusive urban capital stock per capita of city k can be described as follows: 
where is the integrated evaluation score and is equal to . is the intensity weight variable for frontier line construction by an efficient city. n is the reference city name (1 ≤ ≤ ), and k is the target city name. To estimate the integrated capital accumulation score for all cities, the DEA model needs to be applied independently to each of the N cities.
Cities can use their reference city as a benchmark for comparison ; if they can catch up to their benchmark city, they will be able to increase their integrated evaluation score in our model. The reference city can be identified from the score: is positive if city j is evaluated as efficient and observed as the reference city. In the dual DEA model, the reference city is selected from among cities with a similar portfolio of capital accumulation. Therefore, it becomes relatively easy to take action to improve capital accumulation in inefficient cities based on the policies of the reference city, as these cities share similar characteristics.
2-3. Decomposition analysis of urban capital stock change
The two DEA models provide the relative superiority of and the references for each city's capital accumulation. Although this approach offers an advantage by evaluating the volume of capital stock per capita, it is still difficult to clarify why urban capital stock change s. The main factors affecting changes in inclusive urban capital stock differ between cities, and they depend on the city's characteristics and urban planning strategy. To understand the factors that change urban capital stock, we propose taking a decomposition approach, focusing on the efficiency and the priorities of government budget expenditur es. We choose efficiency and priorities of government expenditures because government planning is expected to increase the value of the region, which needs each expenditure to support its activity.
To decompose changes in urban capital stock, the following three indicators are used:
(1) the efficiency of government budget use (EFFICIENCY), (2) the priorities in government budget allocation (PRIORITY), and (3) the scale of the government budget (SCALE). We defined the EFFICIENCY indicator as the change in urban capital stock divided by government budget expenditure, and it represents the efficiency of budget usage for urban capital stock growth. This indicator can increase for two reasons: urban capital stock growth while maintaining the same budget or budget expenditure reduction while maintaining urban capital stock. The reduction of expenditures can be achieved by effectively using the budget to increase urban capital stock.
The PRIORITY indicator is calculated as the budget expenditure for a specific area (e.g., education and health) divided by the total budget expenditure and represents the share of the budget allocated to that specific area. The PRIORITY indicator reflects the relative priority of budget allocations in urban planning. Finally, the SCALE indicator shows the scale of urban planning capacity, which is the total amount of urban budget expenditures.
Here, we introduce the equation for the decomposition analysis of the IWI change in human capital stock ⊿IWI Human , +1 (= IWI Human +1 − IWI Human ). Equation (10) we obtain equation (11). 
Following Sun (1998) , we transform equation (12) into equation (13) In this transformation, we allocate the second-order interaction terms and the thirdorder interaction term equally to each decomposed factor. This allocation of interaction term s follows the complete decomposition model developed by Sun (1998 
Case study for a Japanese ordinance-designated city
3-1. Data description for the empirical study
In this section, we demonstrate our approach using data for 20 Japanese ordinance -designated cities. A Japanese ordinance-designated city is a city that has a population larger than 50 thousand and that has been designated through a Local Autonomy Act. We obtain the city level IWI data from Managi (2016) , which estimates the IWI following UNU -IHDP and UNEP (2014). Local government budget expenditure data are observed from the regional statistics database in the social and demographic statistics published by the Statistics Bureau, Ministry of Internal Affairs and Communications, Japan. All monetary data are deflated to 2010 prices.
To apply decomposition analysis to the government budget expenditure, we categorized it into four groups: human capital investment, produced capital investment, natural capital investment, and others. We provide the integration of each budget expenditure group in the appendix. Therefore, high income cities have a relative superiority in human capital accumulat ion.
The pattern for the reference city correlates with the weight portfolio. For example, Yokohama and Kawasaki , which observed high weight score s in human capital accumulation , tend to select Nagoya as a reference city. This high intensity score means that the integrated evaluation score and weight portfolio are reflected in the reference city's characteristics. The assignment of the reference city reflects its relative superiority to the objective city.
Additionally, the characteristics of capital accu mulation for the objective city are similar to those of the reference city. In our model, the benchmark city is selected from a set of relatively similar cities, and therefore, we compare one city to other cities with similar components of capital. Thus, our model is valid to understanding the integrated evaluation score and benchmarking.
We should note that the DEA approach limits the number of variables. Cook et al.
(2014) discussed the limitations of the non parametric production frontier approach: "it is likely that a significant portion of decision -making units (DMUs) will be deemed as efficient if there are too many inputs and outputs given the number of DMUs". Non parametric frontier analysis, including the DEA approach, has difficulty evaluating small sample datasets. Osaka, which has relative superiority in produced capital accumulation, increased capital flow through efficiency improvement. The types of government efforts and urban policies used in Osaka will be more effective when applied to cities with similar characteristics.
3-3. Empirical study for a decomposition analysis of inclusive capital stock
As we explained in section 3.2, the reference city tends to have characteristics similar to those of the target city. From table 3, Sapporo, Sendai, and Fukuoka selected Osaka as a reference city. The common characteristic is that each of these four cities is the largest in its respective region. To efficiently increase produced capital flows with a limited government budget, we suggest that these three cities refer to the policies and government activities in Osaka as helpful information.
Niigata increased produced capital flow due to an increased priority in the budget expenditures, and the budget scale increased while the ⊿ECE was negatively affected, which made it difficult to maintain capital accumulation given a limited future budget. This trend is not seen in the other cities. This trend occurred because Niigata's local government budget needed to allocate more to human health and welfare for its aging population. Therefore, our results suggest that Niigata should refer to the urban planning policies and efforts in Hamamatsu, which is its reference city.
<Figure 2 about here> Next, we discuss the changes to the flows of human capital (Figure 3 ) and natural capital (Figure 4) . Figure 3 shows that many cities decreased their human capital flow due to negative ⊿ECE, especially Sapporo. The main reason for this decrease in the human capital flow is that low fertility has become more serious in Japan. Another possibility is the growth of the aging population. The main factor decreas ing the human capital flow in Sapporo is a decline in the health capital flow due to a lower quality of life (see Managi 2016) .
From Figure 4 , the natural capital flow increased in many cities due to ⊿ECE growth.
The unique point is that Sapporo increased natural capital flow as its ⊿ PCE increased.
Meanwhile, Hamamatsu, which is the reference city of Sapporo, successfully increased natu ral capital stock through ⊿ECE improvement. These results imply that Sapporo has the potential to increase natural capital stock while lessening the budget priority by referring to the urban planning effort in Hamamatsu city.
As the above empirical study shows, a decomposition analysis of capital flow s can be used to evaluate urban planning effort s from comprehensive viewpoints using the IWI.
Additionally, the results of the DEA model, in terms of relative superiority and reference city information, are readily available. By combining the results of the decomposition analysis and the DEA model, we can provide helpful information for sustainable urban planning and policy construction.
<Figure 3 and 4 about here> Mori and Christodoulou (2012) identified the issues with city evaluation indexes.
Discussion and conclusion
They reviewed 14 sustainability indexes and noted that four factors should be included in a However, inclusive urban capital does not meet thi rd and fourth criteria. To meet these requirements, the following are needed.
To meet the third criterion, further research into the leakage effect in the environmental dimension should be conducted, focusing on networks within and between cities.
These networks are highly developed due to the development of information and transportation technologies. Thus, it is not enough to evaluate one region or one city to understand urban sustainability because this clearly does not consider the network of cities. Therefore, further research focusing on city networks (e.g., trade, transportation, people -to-people exchange) is important to develop the evaluation application for urban sustainability.
Issues in meeting the f ourth criterion are related to the limited data availability in developing countries because the IWI needs a wide range of data variables. The development of data estimation analysis is important to promoting future research addressing inclusive urban capital. In addition to the country level analysis introduced in UNU-IHDP and UNEP (2014), utilizing inclusive urban capital stock provides a comprehensive evaluation of city performance.
To apply inclusive urban capital stock to city design, a database must be constructed to estimate the IWI. Research focusing on the regional IWI has already been conducted in the transportation field in cities worldwide (Nakamura et al 2015) , in the disaster management field in Japanese cities (Tanikawa et al. 2014) , and on natural, human, and produced capital in the U.S. (UNU-IHDP and UNEP 2012 Additionally, corporate financial and environmental databases are published with free access and downloadable data (Fujii and Managi 2016) . The collaboration between corporate data and regional data will create a new data network useful for creating an effective business strategy that considers regional characteristics.
Finally, a limitation of the IWI evaluation method is that it has difficulty addressing non-marketable goods such as cultural and religious factors. According to Arrow et al. (2012) , capital stock should be accumulated via investment created by allocating those resources with decreasing current consumption. In this sense, social capital, including cultural activities, might not be suitable for evaluation as capital stock in the IWI. However, religion and culture are important factors in the creation of human capital stock. Thus, further research should investigate a more comprehensive evaluation approach considering regional differences in culture and religion. 
